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INTRODUCTION
Professionals tend to work in environments that 
continually attract change and innovation. This is 
particularly true for engineering as technology is 
continually invaded by change. In a fast changing 
world, the ability to generate ideas to create prod-
ucts and solutions to problems that satisfy social 
and consumer demands needs a creative dynamic 
between knowledge-creation, entrepreneurialism 
and consumers. Without new knowledge, there will 
be no products or services to offer, and possibly 
no effective platforms through which to deliver 
them. Without entrepreneurialism, it is not pos-
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ABSTRACT
This chapter explores Problem-Based Learning (PBL) curricula in engineering in Australasian uni-
versities, in particular its effects on student approaches to learning in PBL teams. Exploring from the 
three view points: curriculum design and implementation; institutional support structures assisting the 
transition to PBL for both students and academics; and student learning experiences in PBL teams, this 
chapter intends to close the loop for institutions and academics using PBL to educate future engineers. 
In particular, this chapter examines the design of engineering PBL courses or subjects within programs 
and the ways in which learning experiences are designed for students, the support structures that institu-
tions put in place for both academics and students to transition to PBL, teacher practices and student 
experiences of learning both individually and as a team in PBL. It is argued that many engineering 
programs still undermine the need for designing learning experiences to help students achieve the de-
sired learning outcomes; seldom consider the learning cultures adopted by PBL teams and how students 
engage in learning as individuals and as a team. This chapter argues the need for approaches to PBL 
that enhance student learning and experiences in engineering and the need for support structures that 
assist both students and academics in the transition to problem-based learning.
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sible to take advantage of the potential or benefit 
within new knowledge and take that to market. 
Without take-up by the market, be that social or 
economic in conception, innovation will merely 
be novelty (Smith-Bingham, 2006).
Engineering is a field of knowledge and en-
deavour in which likely technological changes 
and challenges impact the world and influence 
the engineering profession (Schön, 1983). In the 
last hundred years, our world has changed steadily 
and more rapidly than it has in the preceding past. 
It has become a healthier, mostly safer and an 
extremely productive place, where engineering 
through technology has forged an irreversible 
imprint on our lives, identity and the society. 
Modern engineers revolutionise the world by 
engaging in all phases of simple to often incred-
ibly complex lifecycle of products, processes and 
systems that have one feature in common—they 
meet the changing needs of society.
Consequently, the engineering industry expects 
engineers to find not only engineering solutions to 
a problem, but also economic solutions that have a 
high potential of being successful. The new skills 
and perspectives required of engineers are expected 
to extend their broader leadership role, as the expec-
tations of the technological world on engineers are 
higher than in the past. Yet, engineers commonly do 
not reflect critically on social issues; nor are they 
asked to consider these issues at university. Indeed, 
universities often design and implement engineer-
ing courses that are quite successful in training 
students with diverse views to adopt a stereotypical 
technology-oriented view (Hadgraft, 1993).
However, today’s engineering industry mea-
sures an engineer’s knowledge and skills not 
only from the breadth and depth of disciplinary 
knowledge, but also from the individual’s experi-
ence in developing personal and professional skills 
and the ability to work with other engineers and 
with colleagues from other disciplines (Crawley, 
Malmqvist, Östlund, & Brodeur, 2007). Simulta-
neously, engineers are also expected to address 
contemporary challenges such as innovation and 
sustainability or sustainable development, which 
emerge in high importance for both engineering 
and engineering education.
If our engineering graduates need to succeed 
in this changing environment, are we preparing 
them for it in the classroom? Can the learning 
that takes place in the protected environment 
of a tertiary institution be transferred into other, 
rough-and-tumble learning contexts? How do 
we help students continue to learn when no 
longer under the supervision of their lecturers or 
tutors? To address these issues the engineering 
curriculum requires major rethinking. That is, it 
requires restructuring of engineering programs, 
reallocation of teaching and learning resources, 
and refocusing of faculty and professional society 
time and energy to strengthen the educational 
infrastructure and to educate engineers to tackle 
the challenges of the future.
Engineering education stands to be marginal-
ized if the education system is passive. The educa-
tion that we provide to engineers must prepare them 
to be more than merely fulfilling a technological 
function. It needs to prepare engineers to become 
leaders in making wise decisions about technol-
ogy and policies that will foster innovation. Best 
practice Engineering education relies on designing 
and implementing effective courses and programs 
of study and providing a variety of conducive, 
enriching and authentic learning experiences for 
students (King, 2008).
This chapter focuses on relatively recent 
paradigm shift to problem-based pedagogical ap-
proaches in engineering education and its effects 
on student learning. Studying the problem-based 
engineering curricula from three view points: cur-
riculum design and implementation; institutional 
support structures to assist academics and students 
to transition to PBL; and student learning in PBL 
teams, this chapter attempts to close the loop by 
inviting institutions and academics to consider 
some of the potential challenges that are identified 
here and how such challenges may be addressed 
in their own contexts.
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CHALLENGE FOR 
ENGINEERING EDUCATION
One of the major challenges for engineering 
education like any other professional educa-
tion fields is that the student body is becom-
ing more diverse. Recent experience indicates 
that cohorts of students entering engineering 
programs include an increasing number of 
students who have varied interests and engage 
in paid part-time or fulltime work. Engineering 
schools in universities, particularly in Australia, 
are characterised by students with a high level 
of diversity including age, ability, educational 
background, socio-economic status, language 
background and ethnicity. This high level of 
diversity presents a substantial challenge to uni-
versities especially as they focus on strategies to 
improve student engagement in activities associ-
ated with high quality learning. This challenge 
is particularly true for students who are the first 
in their families to attend university, a place that 
is both foreign and culturally alienating. Hence, 
programs should adjust accordingly—they must 
be inclusive.
Essentially, engineering education must 
aim to produce technically excellent graduates 
who are capable of pushing new frontiers by 
collaborating with colleagues from other dis-
ciplines and creating innovative solutions in a 
constantly changing global economy (National 
Academy of Engineering, 2005). These aims 
note the importance of improving the recruit-
ment and retention of students, and making the 
learning experience more meaningful to them. 
These aims also challenge how engineering 
educators can more effectively share with 
students their current and potential passion for 
designing engineering products and services 
to solve problems and their confidence that 
engineering is a profession that offers rich 
rewards for serving the interests of society 
(Crawley, et al., 2007).
PARADIGM SHIFT IN 
ENGINEERING EDUCATION
Approaches to teaching and learning in undergrad-
uate Engineering programs in Australian universi-
ties have relied mainly on lecture-based teaching, 
supplemented, where appropriate, with laboratory 
practicals, tutorials, seminars, projects and other 
approaches peculiar to the discipline (Lloyd, 2001; 
Lloyd, Rice, Ferguson, & Palmer, 2001). It is im-
possible to deny that these approaches are inclined 
to be teacher-centred rather than learner-centred, 
with most of the responsibility for the content and 
structure resting with the teaching staff.
Student-centred approaches to teaching have 
been widely advocated by educationists, who 
argue that teacher-centred approaches should 
give way to more interactive, problem-based ap-
proaches that support students while they learn by 
tackling difficult problems and assume personal 
responsibility for their learning. While student-
centred approaches not only empower students 
as autonomous learners, it extends their role in 
the learning process in a range of ways from the 
shaping of investigations, through consolidating 
the learning of their peers to the development of 
learning resources (Biggs & Tang, 2007; Rams-
den, 2003).
The introduction of PBL in engineering edu-
cation involves a shift from teacher-centred to 
student-centred learning and thus requires a radi-
cal change in the way students learn and the role 
that teaching staff play in facilitating learning. 
This shift is reflected in the engineering educa-
tion literature, in that it is claimed that PBL helps 
students to build extended technological and social 
understandings along with the appropriate use 
of new technologies. PBL is also advanced as a 
means of developing autonomous learners who 
are effective learners for the rest of their lives 
(Kolmos, Fink, & Krogh, 2004).
In Australia, the need to redesign engineer-
ing programs was identified following a review 
of engineering education. This review identified 
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shortcomings such as inadequate attention to the 
professional formation of students, curriculum 
fragmentation and overcrowding, insufficient 
opportunities to cross traditional disciplinary 
boundaries and lack of responsiveness to changing 
external demands (Johnson, 1996). One response 
to this at both Central Queensland University and 
University of Technology Sydney was to pioneer 
the use of PBL in their engineering degree courses. 
Because the PBL approach had mainly been used 
in health professional education, its introduction in 
engineering courses triggered questions about the 
suitability of the approach in engineering (Mills 
& Treagust, 2003). Research in engineering edu-
cation since then has focussed on the design and 
implementation of PBL curricula, the advantages 
and disadvantages of PBL for engineering, the 
nature of student learning in PBL and its effec-
tiveness when compared with traditional teaching 
and learning approaches.
PROBLEM-BASED LEARNING
PBL is both an instructional approach and ap-
proach to curriculum that empowers learners to 
be self-directed, interdependent and independent 
learners (Evensen & Hmelo, 2000). PBL typically 
involves students working in groups and therefore 
research into learning in groups is particularly 
germane. On a more operational level, teaching 
and learning in small groups is a valuable part 
of all-round education of the students. It allows 
them to negotiate meaning, to express themselves 
in the language of the subject and to establish a 
more intimate contact with academic staff than 
more formal methods permit. It also develops 
instrumental skills such as listening, presenting 
and persuading. As the team develops maturity and 
ability, relationships are established and leadership 
styles evolve (Tuckman, 1965).
It is argued in the literature that PBL is designed 
to help students develop such competencies and 
will serve them throughout their professional lives. 
Lifelong competencies engendered by problem-
based approaches to learning include the ability to 
adapt and participate in change, deal with problems 
and make reasoned decisions in unfamiliar situa-
tions, reason critically and creatively, adopt a more 
universal or holistic approach, practice empathy, 
and appreciate others’ perspectives, collaborate 
productively in groups or teams, identify personal 
strengths and weaknesses, undertake appropriate 
remediation such as self-directed learning and 
meta-cognitive reflection (Newman, 2005).
Activation of prior knowledge, together with 
the similarity of context in which information is 
learned and later applied and the opportunity to 
elaborate on information that is learned during the 
problem-solving process are claimed advantages 
of PBL (Bridges, 1992). These conditions have 
been shown to reduce forgetting and to facilitate 
retrieval. Elaboration occurs in discussion with 
peers, peer teaching, exchanging views and 
preparing reports of what students have learnt 
during the problem-solving process. Essentially, 
PBL is designed to encourage deep approaches 
to learning.
There has been considerable discussion about 
the effectiveness of PBL for achieving specific 
learning outcomes with comparisons suggesting 
that PBL is superior when compared to traditional 
approaches. Research studies also explore if PBL 
works in particular contexts, especially for work-
place learning with a focus on skills, activation of 
prior knowledge and long-term retention. How-
ever, the learning outcomes achieved by students 
in a PBL team are still a contested issue. Strobel 
and Barneveld (2008) argued that the reason is 
because of the differences in defining conceptu-
alisations of learning, effectiveness of learning, 
and how effectiveness was measured—warranting 
a need for carefully designing assessment to help 
students achieve the desired learning outcomes.
Weimer (2002) argued that if we want to facili-
tate learning that changes how students think and 
understand, then we must begin by discovering 
students’ existing conceptions and then design 
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instruction that changes those conceptions. This 
most certainly has implications for how much 
content can be covered, but proposes democratic 
views to education that might open up possibilities 
for new kinds of learning. Essentially, this view to 
educating future engineers involves rethinking the 
role of teacher, traditional power structures and 
the role of authority in classroom, the processes 
and purposes of evaluation and demonstrating 
what this means to students outside of their class-
rooms. The next section investigates the design of 
problem-based curricula in engineering, the way 
they are implemented in practice and the factors 
that influence successful implementation.
ENGINEERING PBL CURRICULA 
DESIGNS AND IMPLEMENTATION
Curriculum
The notion of curriculum in engineering represents 
the body of knowledge that is offered through a 
course or subject within a program. Curriculum is 
constructed by using discipline specific language 
and usually the key learning is communicated 
to students during class and through assessment 
items. One of the major difficulties in comparing 
problem-based curricula in engineering was the 
lack of comprehension of curriculum and what 
meaning isolated fragments of knowledge and 
skills conveyed to students who are to engage in 
learning in a PBL setting. A significant number of 
course documents that convey the desired learning 
outcomes to students fail to describe the process 
of construction of meaning within courses, how 
knowledge or skills are integrated within a program 
and how that can be applied later or enhanced 
further during professional practice.
Problem-based learning in engineering educa-
tion has taken many shapes and forms. Other meth-
ods such as project-based learning, problem-solving 
learning, project-oriented problem-based learning 
and practice-based learning also use connotations 
synonymous to PBL. Thus, PBL in engineering 
education has become an expression that is widely 
used to represent one of many active learning ap-
proaches, in which students are active participants 
and independent critical enquirers who own their 
own learning experiences and acquire knowledge 
through working on problems and projects.
Concurrently, PBL is also used simply as one of 
the instructional approaches to engender necessary 
skills and competence in their graduates alongside 
face-to-face, blended, distance approaches—an 
approach to curriculum design that is seen most 
commonly in engineering programs in Australia. 
It is reminded that the focus of this chapter is on 
engineering problem-based learning curricula alone 
and other curricular models that use PBL as an ab-
breviation were not taken into consideration as some 
approaches engage students in learning individually 
rather than learning collaboratively as a team.
Invariably, a large number of engineering 
programs that use PBL curricula are designed 
for cost effectiveness and minimal interruption 
to other courses in the program. Savin-Baden 
and Major (2004) argue that this tends to occur 
when only a group of academics are interested in 
trying problem-based approaches to teaching—an 
approach they named “Problem-based learning on 
shoestring.” In this type of PBL implementation 
the McMaster University’s six-stage model is 
used to drive the learning process. Students learn 
in collaborative groups by solving problems in 
a sequential process under the facilitation of a 
teacher. As identified by Barrows and Tamblyn 
(1980) the stages are:
• The problem is encountered first in the 
learning sequence before any preparation 
or study has occurred;
• The problem situation is presented to the 
student in the same way it would present 
in reality;
• The student works with the problem in a 
manner that permits his ability to reason 
and apply knowledge to be challenged 
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and evaluated, appropriate to his level of 
learning;
• Needed areas of learning are identified in 
the process of work with the problem and 
used as a guide to individualised study;
• The skills and knowledge acquired by this 
study are applied back to the problem, to 
evaluate the effectiveness of learning and 
to reinforce learning;
• The learning that has occurred in work with 
the problem and in individualised study is 
summarised and integrated into the stu-
dent’s existing knowledge and skills.
Another approach that is predominant in engi-
neering is the “foundational approach” identified 
by Savin-Baden and Major (2004). This type of 
implementation is adopted by academics who con-
sider that some basic knowledge needs to be taught 
using teacher-centred approaches before students 
can work on problems. Engineering programs 
adopting this model follow the traditional lecture-
tutorial-laboratory approach to instruction in the 
first year followed by problem-based learning in 
the second and the third year and a combination 
of project-based and workplace-based learning 
in the final year. Savin-Baden and Major (2004) 
emphasise that what many academics consider 
basic knowledge—an arbitrary boundary set to 
provide an identity to their discipline—is in fact 
the ability to recall by rote memorisation. In this 
type of PBL implementation, students encounter 
simulated engineering problems in their second 
year and authentic or problems from the industry 
in their third and final years.
Proponents of this model claim that students 
develop a better understanding of the discipline 
when they plan and analyse the problem by iden-
tifying the significant facts from the scenario. 
They then represent the problem and generate 
hypotheses about possible solutions. More impor-
tantly, as they generate hypotheses they also start 
to identify their knowledge deficiencies relative 
to the problem. These knowledge deficiencies 
become learning issues that students research 
during the self-directed learning phase. Following 
this, students apply their newly learned knowledge 
in working on problems and thus evaluate their 
hypotheses in light of what they have learned. 
During this knowledge application process they 
reflect on the abstract knowledge gained. The fa-
cilitator helps guide the learning process through 
open-ended questioning designed to get students 
to make their thinking visible and to keep all the 
students involved in the group process.
While experts claim that a particular PBL 
curriculum model is better than the other and 
vice-versa, it is only when we step back from 
these arguments and scratch beneath the surface, 
we come to realise the relative benefits of these 
models. Effectiveness is often claimed on the basis 
of increased participation, the relationship between 
learners and the properties of specific environ-
ments, student learning of specific knowledge-
based or skill-based areas of discipline. A major 
feature of studies attempting to validate the success 
of their PBL model used in situated cognition 
is the absence of evidence-based research from 
student viewpoint and limited consideration of 
the distributed nature of learning and knowing.
Designing PBL curricula involves careful 
analysis of the content, the curriculum and its 
goals—what do we want our students to learn? 
However, most engineering curricula are designed 
based on content and discipline specific knowl-
edge. Evidently, student evaluation of courses 
and teaching indicate that, trying to make this 
problem-based usually ends in failure. Institu-
tional, departmental, and individual beliefs and 
philosophies of teaching and learning supplements 
to the challenge of engaging students in learning 
what we want them to learn through PBL.
Designing Learning Experience
Hak and Maguire (2000) argue that research 
has ignored the process of learning through the 
designed experiences that mediate the relation-
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ship between curriculum and student learning 
outcomes. Student learning approaches and their 
cognitive and social interactions in PBL teams 
influence their team learning cultures and their 
learning outcomes. However, such cognitive inter-
actions are undermined when designing learning 
experiences and often the emphasis is placed on 
covering the content and measuring the product. 
Exemplars of engineering problem designs that 
deliberate cognitive processing, activation of 
prior knowledge or discussions in groups that 
prompt the activation of prior knowledge are rare. 
Cognitive interaction is often left to chance or 
associated with the engagement strategies used 
by the facilitator.
One of the common concerns to many engi-
neering academics using PBL is what might count 
as a problem and the complexity of the problem 
design. While some design their own problems, 
others purchase PBL problems or download 
problems from the Internet. Unsurprisingly, most 
academics in PBL set out to design problems that 
are based only on the content that they feel their 
students need to learn by jointly deciding, with 
other academics, how much content can be packed 
into a problem. Some academics even concede that 
this method requires additional lectures to cover 
the content knowledge students are expected to 
acquire, resulting in learning that is highly teacher-
centred and students learn pre-prescribed chunks 
of knowledge—often quenching their thirst from 
the end of a fire hose.
Designing learning experiences in PBL starts 
with designing the stimulus material—problems 
that engage students in learning. Designing and 
communicating the process (activities, discussions 
and tasks) through which the facilitator guides 
and progressively assesses student learning is 
also of paramount importance. Savin-Baden and 
Major (2004) insist “in problem-based curricula 
the problem scenario should serve as the central 
component of each module so that lectures, semi-
nars or skill laboratories can feed into them” (pp. 
119-120). Thus just as the problems come first 
for the students, they should also come first for 
curriculum developers.
It is commonly argued in the literature that 
the selection or design of the problem plays an 
important part in achieving the goals of PBL. 
A variety of names are used for problems that 
foster flexible thinking such as ill-structured and 
open-ended problems. Ideally, a problem must 
intrinsically motivate students as they engage in 
problem solving and instigate creativity, as there 
could be multiple correct answers to a problem. 
Savin-Baden and Major (2004) suggested that 
problems should be designed in such a way that 
helps students to both individually and collectively 
decide their learning needs within their PBL team. 
Similarly, Hmelo-Silver (2004) argued that prob-
lem that are realistic and resonate with students’ 
previous experiences, allow students to evaluate 
the effectiveness of their knowledge, reasoning, 
and learning strategies.
As identified by Schmidt and Moust (2000) 
good problems that include discussion tasks fos-
ters effective communication skills as students 
present their plans and opinion to the rest of 
their class. When strategy tasks (what if? and 
what would you do?) are incorporated in the 
problem, it helps students defend themselves 
to others in the group. Thus, they not only ar-
ticulate their current state of understanding but 
also enhance their own opportunities for knowl-
edge construction. Study tasks (tasks that can 
be done individually and that does not require 
group discussion) must necessitate students to 
gather knowledge from a wide range of multi-
disciplinary sources. Thus allowing them to 
see how knowledge is a useful tool for problem 
solving and will help them build extensive and 
flexible knowledge because information is not 
learned in isolation.
Problem design or selection in PBL is complex, 
as many factors need to be considered. This is 
different for different disciplines as they regard 
knowledge differently. Therefore, academics need 
to recognise different kinds of knowledge when 
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designing problems and that their recognition 
may lead to helping students realise that differ-
ent problems may require different application 
of those kinds of knowledge. It is necessary to 
strike a balance between discipline knowledge and 
process skills such as problem-solving skills and 
teamwork skills, which must be taken into account 
when designing problems. Furthermore, the com-
plexity of problems is also a necessary factor to be 
considered depending on the year level at which 
it is administered. In any case, problems should 
be designed such that it motivates and continues 
to motivate critical inquiry and thereby enriches 
student learning. Yet, having good problems is 
a necessary but not a sufficient condition for ef-
fective learning in PBL—tutorial facilitation and 
assessment design are just as important.
Facilitation
The introduction of PBL requires a radical change 
in the way students learn in engineering and the 
role that academic teaching staff play in facilitat-
ing student learning. Researchers have constantly 
emphasised the importance of facilitation in 
PBL, level of contribution that facilitators make 
in PBL tutorials and subject matter expertise of 
facilitators. Facilitation, a subtle skill, includes 
identifying when an appropriate inquiry is be-
ing conducted, what progress is being made and 
when the PBL process has stalled or how to get 
students to discover themselves if they are going 
down the wrong track, learn by making mistakes 
and reason their way to conclusions (Schmidt & 
Moust, 2000).
PBL embodies the cognitive apprenticeship 
model with its emphasis on making thinking vis-
ible. In this model, Brown, Collins, and Dugid 
(1989) suggests that the key roles of the facilitator 
are modelling, scaffolding, coaching and fading. 
The facilitator is an expert learner who models 
good strategies for learning and thinking rather 
than demonstrating expert knowledge in content 
itself. The facilitator scaffolds student learning 
primarily through the use of questioning strate-
gies. During the scaffolding processes students 
learn with help from their facilitator that which 
they could not achieved alone. As suggested by 
Schön (1983) facilitators should open up an inquiry 
rather than terminating a discussion and progres-
sively fade their scaffolding as students become 
more experienced with PBL until finally the 
learner may adopt many of the facilitator’s roles. 
The facilitator is also responsible for monitoring 
group processes. This monitoring assures that all 
students are involved and encourages them both 
to externalise their own thinking and comment on 
each other’s thinking and thereby reflect on their 
own learning (Hmelo-Silver, 2006).
A learning focused facilitator uses a variety of 
questioning strategies including meta-cognitive 
questioning and questioning that focuses students’ 
attention, in order to help them construct causal 
models. This allows students to explain their rea-
soning to an extent where they assess the limita-
tions of their knowledge and identify their learning 
needs. Woods (1996) noted that facilitators must 
provide “coaching to help students to bring out 
the best in their group” (p. 1). He suggested that 
the coach should:
• Ask leading questions to help students 
explore the richness of the situation and 
guide their critical thinking;
• Help students reflect on their experiences 
to develop personal and group skills as 
well as to improve their problem-solving 
experience;
• Monitor student progress to help them ef-
fectively problem solve;
• Challenge student thinking to nurture deep 
approaches to learning;
• Raise issues to help students consider in-
tended goals;
• Stimulate, encourage, create and main-
tain a warm and safe atmosphere to help 
students share their experiences and ideas 
with confidence.
31
Problem-Based Learning Curricula in Engineering
Windschitl (2002) argued that “teachers must 
learn to capitalize on, rather than suppress, dif-
ferences in students’ existing understandings 
due to background; they must become critically 
conscious of the dynamics of their own class-
room culture; and they must attend to patterns 
of classroom discourse as well as to the thinking 
that goes with them” (p. 153). It is important to 
note that all of the above studies emphasise the 
role of a facilitator to engage students in learn-
ing in supervised PBL teams, but in most PBL 
implementations in engineering, students are 
required to spend a significant amount of time 
learning in unsupervised teams. This means that 
facilitators need to be sensitive to student levels 
of engagement in learning in PBL teams. Particu-
larly, facilitators need to monitor and, if needs 
be, actively intervene in student engagement in 
unsupervised team meetings.
Assessment Design
For a long time assessment has been an area of 
sensitivity in higher education irrespective of cur-
ricula differences. Although we want curiosity and 
intrinsic motivation to drive student learning, we 
simply cannot deny the fact that assessment influ-
ences what students learn and how they respond to 
learning. Meyer and Land coined the expression 
threshold concepts and argued their transforma-
tive nature: “where they can be considered as 
akin to a portal, opening up a new and previously 
inaccessible way of thinking about something…
representing a transformed way of understanding, 
or interpreting, or viewing something without 
which the learner cannot progress” (p. 1). This 
is particularly true for PBL as it engenders the 
exploration of learning needs by engaging a group 
of students to work on resolving or managing prob-
lem situations. During the PBL process, students 
examine the gaps in their own knowledge and 
work both individually and collaboratively as a 
team. Students frequently encounter troublesome 
concepts (threshold concepts) and lose motivation 
if they do not receive timely feedback or support 
for moving forward. Therefore, assessment de-
sign must incorporate various ways of eliciting 
and supporting the learning of such troublesome 
concepts within any discipline to sustain student 
interest and motivation.
Assessment in PBL must begin at the same 
time when students encounter the problem. Student 
responses for open-ended questioning act as a 
catalyst for facilitators to diagnose a student’s level 
of knowledge and provide immediate feedback 
for improving student learning. This awareness 
prompts further directive questioning that help 
students identify gaps in their knowledge and 
examine their learning needs. Further, assessment 
of student performance and timely feedback on 
student progress during PBL meetings support and 
nurture their learning, thus placing an emphasis 
on the need to design formative assessment to 
enhance student learning and outcomes in PBL.
Surprisingly, a number of engineering courses 
that utilise PBL as an instructional strategy still 
use final exam and individual reports to measure 
student learning—juxtaposing the very notion and 
purpose of problem-based learning. This takes us 
back to think about what is being assessed? One of 
the common concerns for academics is that assess-
ing the process of learning in PBL can undermine 
acquisition of discipline specific knowledge and 
understanding. Arguably, there is a clear lack of 
description of how students are expected to dem-
onstrate the knowledge and understanding they 
have acquired. Students very quickly identify gaps 
in assessment methods that are frequently used 
in engineering PBL including oral presentation, 
individual portfolios and contributions to online 
discussions and present a mosaic of individual 
contribution as evidence to their effort in learning 
collaboratively as a team in PBL.
This implies that academics need to carefully 
design assessment and align assessment strategies 
with both desired learning outcomes and learn-
ing activities of PBL. Assessment will remain a 
contested issue unless the emphasis is shifted from 
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a performative approach and importance is given 
to the learning process (Savin-Baden, 2004). If 
we want our students to benefit from the learning 
experiences we provide them through PBL, it is 
then important to engage them as stakeholders in 
negotiating the assessment criteria and empower-
ing them to reap rewards for their contribution to 
others learning in PBL teams.
INSTITUTIONAL SUPPORT FOR 
LEARNING AND TEACHING
Support for Academic Staff
Declining numbers in teaching only positions; 
high growth of research only staff in total aca-
demic staffing in engineering and casualisation 
of teaching adds to the already existing chal-
lenge in redesigning and renewing Engineering 
programs (King, 2008). The paradigm shift to 
PBL in engineering requires rethinking the role 
academic staff play to facilitate student learning 
and the way students are required to engage with 
learning. An increase in the number of courses and 
programs that use PBL means greater emphasis on 
institutions to support and manage the transition 
through effective academic leadership in terms 
of funding, staffing and resources including the 
provision of appropriate learning spaces. Manag-
ing the transition to new educational approaches 
often begins with ensuring individuals responsible 
for implementing change are willing, enabled to 
learn, and are available to share their expertise 
with colleagues.
A comparison on models of academic develop-
ment indicates that most institutions provide staff 
development opportunities through centralised 
teaching and learning facilities. A profound chal-
lenge for academic developers in these centres is 
to model facilitation and thereby assist lecturers 
to become facilitators of student learning, when 
they have not designed and implemented PBL 
courses. Hence, most academic development 
workshops are generic and are designed from a 
research perspective rather than a practice per-
spective on how to engage students in small and 
medium group learning. Academics participants 
in these workshops often emphasise the lack of 
disciplinary perspectives and sensitivities and 
point out that they seldom get practical advice 
on how to overcome stumbling blocks. A few 
other institutions engage international educational 
consultants to equip academics for PBL. While 
these consultants may provide expert advice to 
staff, they may be oblivious to cultural variables 
and contextual issues.
In some institutions, PhD students are habitu-
ally employed as sessional academics to facilitate 
PBL tutorials in engineering without adequately 
preparing them for the role. This presents sub-
stantial challenge for sustaining PBL courses as 
sessional academics who are mostly international 
students, and other junior academics usually rely 
on their senior counterparts, but pitifully get 
limited support and guidance. Without previous 
experience of PBL, they often construct their own 
understandings of how to facilitate and how to 
assess student learning in PBL courses. Not sur-
prisingly, their previous educational experience 
and their perception of the way their colleagues 
approach teaching in PBL settings plays a key 
role in the way they practice PBL.
While most of them are concerned about the 
quality of their teaching and its effects on student 
learning and outcomes, some are reluctant to 
express their inexperience with or lack of under-
standing of the PBL process for the fear of losing 
out on teaching—their first and most important 
opportunity for an academic career. It is therefore 
necessary to create a collegial atmosphere where 
staff can communicate with each other without fear 
of humiliation or dismissal. One way of achieving 
this is to encourage the culture of peer observation 
and review of teaching. That way staff can design 
their own framework to receive feedback on vari-
ous aspects of teaching such as tutorial design, 
assessment items and student engagement, which 
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they identify as areas within their own practice that 
need improvement. This reinforces the need for 
refocussing the teaching and learning emphasis in 
engineering faculties. Faculties must invest time 
and energy to strengthen, develop and nurture the 
development of the facilitators for engaging with 
problem-based learning.
Support for Students
Students are key stakeholders within any learn-
ing environment. Problem-based learning is 
particularly sensitive to student participation and 
engagement as students are required to take greater 
responsibility for their learning and required to 
work as a team to achieve the outcomes of a 
course. However, as in other disciplines, diver-
sity of student body in engineering also presents 
significant challenges to academics in terms of 
accommodating their diversity, and providing 
for their learning needs. As the shift to problem-
based approaches to learning calls for a shift in 
responsibility of learning to students, question 
such as “what is the bang for my buck? Is there 
a money back guarantee if I don’t get the grades 
I intend to?” often emerge from students who 
are unprepared, underprepared or unwilling to 
engage in learning as a team and take responsi-
bility for their own learning. At the same time, 
providing learning support and sustaining student 
motivation and engagement in a rapidly changing 
higher education climate presents academics and 
institutions with significant cost imperatives and 
allocation of resources.
PBL requires students to identify gaps in their 
knowledge, identify their learning needs, negotiate 
their learning with their peers, and work together 
as a team to achieve the desired learning outcomes. 
Institutions recognise that most students are not 
equipped to engage with problem-based learn-
ing and tailor courses that introduces students to 
learn how to learn effectively in PBL. However, 
students who have varied school and work expe-
riences need more support when they transition 
from teacher-centred approaches to PBL. Most 
students do not seek support until the time their 
assessment items are due and usually blame their 
facilitators for not teaching them how to work in 
a group, write a report, and not providing them 
with timely feedback.
During the tutorial process, students who 
struggle to understand the PBL process almost 
instantly get misdiagnosed with lack of literacy 
skills or numeracy skills and are referred to stu-
dent support staff to fix the lack of or improve 
certain literacies. Institutions frequently conduct 
workshops in addition to PBL tutorials to assist 
students with strategies to enhance reading, lis-
tening, oral communication and report writing 
abilities through their learning support facilities 
by both face-to-face or self-paced online tutori-
als each of which has relative advantages and 
disadvantages. It is important to note that these 
support mechanisms are usually standalone and 
are often loosely integrated with the specific 
learning issues that students may face within their 
courses. Without the facilitator in the picture, 
students struggle to see the connection to such 
literacies for their learning in PBL. Very quickly 
students identify the gap and do not hesitate take 
shortcuts to achieve their intended learning – a 
high grades or a pass.
Fewer institutions conduct generic skills de-
velopment workshops that are integrated in the 
curriculum, explicitly communicated through the 
desired learning outcomes and through the learning 
activities and aligned with assessment items. In this 
approach, the learning support staff work closely 
with PBL facilitators and design workshops and 
assessment items to engender specific learning 
outcomes, for example positive interdependence 
during team-work, conflict resolution, time man-
agement, effective communication in all forms, 
critical thinking, creative problem-solving and 
leadership qualities. In this form of implementa-
tion, learning is necessitated and students must 
learn and demonstrate the achievement of the 
generic abilities that are propounded by PBL. 
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Although this method may be ideal for provid-
ing necessary and timely support for students to 
transition to learning in a PBL setting, a large 
number of institutions that have designed PBL 
for cost effectiveness are unable to implement or 
sustain such imperatives.
STUDENT LEARNING EXPERIENCE
Observed processes in many large-scale studies 
based on student surveys and measures of student 
achievement focus on factors relating to the ex-
perience of students in PBL teams from the point 
of view of tutorial group functioning, cognitive 
interaction, time spent on individual study and 
group attendance (Van Berkel & Schmidt, 2000). 
Bereiter and Scardamalia (2000) argue that while 
studies such as this shed some light on student 
experiences of learning in PBL teams in an indirect 
way, research of this type is unlikely to illuminate 
what goes on in the emergent complexity of a 
PBL setting.
Other studies have used observation of PBL 
tutorial process, for example Koschmann, Glenn, 
and Conlee (2000); Visschers-Pleijers, Dolmans, 
Wolfhagen, and Van Der Vleuten (2004). These 
studies typically focus on discrete segments of a 
tutorial rather than on the entire tutorial and on 
a particular facet of interaction between group 
members rather than on the student experience 
as a whole. They therefore seldom illuminate the 
broad student experience of PBL tutorials. While 
such studies are often presented as research into 
PBL group processes, the focus is often on the 
facilitator rather than on the students. This is also 
true of many survey-based studies as well, includ-
ing those of Schmidt and his colleagues, where the 
focus is often on the effect of different facilitation 
approaches or types of facilitator (Schmidt & 
Moust, 2000). These studies report on the need 
for improving facilitation rather than on directly 
improving the student experience. A few studies 
go further to identify socio-cultural perspectives to 
knowledge construction, transformation and reten-
tion while participating in communities of practice 
(Hmelo & Lin, 2000). However, it is evident that 
such studies have not analysed and described the 
interaction of norms, attitudes, behaviours and 
learning approaches of students individually and 
as a team in PBL to investigate the impact of group 
processes on student learning in PBL teams.
Many studies, including the ones noted above, 
whether survey-based or observational, concen-
trate on what happens in PBL tutorials and largely 
ignore what students do outside of tutorials. Nearly 
all of the studies noted above focus on the clas-
sical PBL model of collaborative learning taking 
place in a facilitated group with everything else 
assumed to be individual self-directed learning. 
However, it is obvious that in the engineering PBL 
model, collaborative learning is also expected to 
occur outside of facilitated sessions, along with 
individual learning. In their review of research into 
factors affecting learning in PBL tutorials, Schmidt 
and Moust (2000) concluded that there has been 
little research into what students do outside of the 
formal tutorial meetings but they also noted that 
what little research there is suggests that many 
students do not do what was planned in the PBL 
tutorial. To date research into student learning and 
effective team functioning in engineering PBL 
contexts is almost non-existent.
Making PBL Teams Successful
All of the above suggests that our knowledge of PBL 
from a student perspective is limited, limited by the 
research approaches used, limited by the emphasis 
on facilitator practice and limited by an almost uni-
versal focus on the PBL tutorial. Without previous 
experience of PBL and relatively little guidance 
from facilitators, students usually construct their 
own varied understandings of what PBL requires 
of them. If we want our students to benefit from 
learning through PBL, we need to communicate 
what it means to be a successful team in PBL to 
students clearly and explicitly. Academics also need 
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to be mindful of different learning cultures that 
emerge in PBL teams as a result of the attitudes, 
beliefs, behaviours and approaches to learning of 
the members of a team and how that particular 
learning culture influences student engagement 
and experiences of learning in that team.
Krishnan, Vale, and Gabb (2008) emphasise the 
emergence of three learning cultures: the finishing 
culture, the performing culture and the collabora-
tive learning culture in PBL teams. These three 
learning cultures identified were consciously or 
unconsciously shaped by students through their 
lived experiences and represents a hierarchy in 
terms of both their complexity and their support 
for effective learning from least complex and 
least successful in supporting student learning to 
most complex and most successful in supporting 
learning.
Finishing Culture
Teams that adopt a finishing culture focus on 
finishing the problem(s) in PBL. Students in 
teams that adopt a finishing culture are extrinsi-
cally motivated and therefore engage in learning 
as a team only to pass with minimal effort. Most 
students in these teams assume relatively passive 
roles and they were inclined towards finishing 
the problems by solving them as individuals. 
Biggs and Tang (2007) identified such students 
as adopting a surface approach to learning. These 
students did not tend to see a connection between 
the problem and the stated learning outcomes and 
appeared to believe that the expected outcome 
in PBL was to “solve” the problem. When the 
number of students who adopted a surface learn-
ing approach outnumbered the students who 
adopted other approaches within a team, the team 
appeared to adopt a finishing culture. This finding 
is analogous to Belbin’s model of team roles, in 
which he emphasised that “if team members have 
similar weakness, the team as a whole may tend 
to have that weakness” (Belbin, 2007).
Performing Culture
Teams that not only focus on finishing each prob-
lem but also focus on maximising the grades their 
members obtained adopt a performing culture. 
Some students in these teams are particularly 
concerned about their own individual achieve-
ment. Therefore, they encourage passivity more 
often, and competition less often, of other team 
members. Students in such teams present a mo-
saic of individual contributions as evidence for 
teamwork. In other words, their understanding is 
that PBL required teamwork but were prepared 
to use the assessment system to maximise their 
chances of obtaining high grades in PBL. Previous 
research suggests that such students are advanced 
game players and set their own rules for playing 
the game in PBL (Gabb, 1981). Biggs and Moore 
(1993) identified such students as adopting an 
achieving approach.
Collaborative Learning Culture
Teams that adopt a collaborative learning culture 
consistently focus on learning and collecting 
evidence for their learning by addressing the 
requirements of the desired learning outcomes. 
Most students in teams adopting a collaborative 
learning culture are intrinsically motivated, dem-
onstrate a curiosity to learn, and focus on doing 
well in the course, which they define differently 
and often relate to their grades. Biggs and Tang 
(2007) identified such students as using a deep 
approach to learning. They argue, by looking at 
one student at a time, that students do not adopt 
deep approach to learning spontaneously.
Enhancing Student Learning 
and Experience in PBL Teams
PBL typically involves placing students in small 
groups to learn through working on a problem 
as a team. Beyond activation of prior knowledge 
a complex mix of interacting factors including 
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course design and implementation, facilitator 
practices, student characteristics, group processes, 
problem-solving processes are intertwined in 
making a successful PBL team. It is therefore 
important for facilitators to understand the group 
structures that may form and how students may 
respond to those structures.
Perhaps, when working with small groups of 
students or bringing students together to form small 
groups, PBL facilitators need to consider that a 
mixed-ability team or a mono-cultural team may 
not automatically adopt a collaborative learning 
culture. Therefore, facilitators should be able to 
recognise the attitudes, behaviour and learning 
approaches of students in teams when designing 
learning experiences and provide ongoing model-
ling, scaffolding and coaching by:
• modelling the way engineers think, espe-
cially at the beginning of the problem solv-
ing process;
• challenging student thinking with meta-
cognitive questions that nurture deep ap-
proaches to learning, disciplinary and 
cross-disciplinary learning and creativity;
• providing an outline of the PBL process, 
monitoring the process and coaching when 
necessary;
• developing team leadership skills, includ-
ing ensuring that all students are provided 
with an opportunity to lead the team and 
supporting them with coaching; and
• systematically and explicitly transferring 
responsibility for learning and knowledge 
sharing to students.
Facilitators also need to recognise the effects 
of diversity in teams and to help their students 
make the most of it. Facilitators need to provide 
students with a range of tools to make PBL teams 
work. If facilitators want to encourage a collabora-
tive learning culture, they need to be sensitive to 
the signs of a developing finishing or performing 
culture and to act effectively when they see these 
signs. In order to avoid teams adopting a finishing 
culture or a performing culture, facilitators need 
to encourage students to:
• develop a deep approach to learning by ask-
ing meta-cognitive questions and challeng-
ing their approaches and understandings;
• work and learn collaboratively as a team by 
valuing team-work, diversity within the team 
and modelling mutual respect within the team;
• adopt effective group strategies such as al-
locating team roles and responsibilities and 
discussing, debating, brainstorming and 
sharing ideas, findings and solutions.
Rather than providing students with problems 
that expect them to learn isolated and unlinked facts 
and direct them to produce definitive outcomes, 
problems should be designed to encourage students 
to link multiple ideas and concepts together. If the 
goal of PBL is to make PBL teams successful then 
problems must be designed to:
• necessitate students to collaborate and val-
ue team-work;
• require students to acquire knowledge from 
various disciplines, integrate that knowl-
edge in finding cross-disciplinary solutions 
to problems in an innovative way;
• construct learning outcomes that are rel-
evant to the task and clarify what those 
learning outcomes mean and what students 
are expected to do to achieve; and
• align assessment with the problem and the 
expected learning outcomes.
This implies that a large amount of responsibil-
ity still remains with the teachers, the course design 
and the way it is implemented. This means that 
educators need to focus on developing or enhancing 
teaching strategies that help students collaborate 
and thus make PBL teams successful. All PBL 
teams can achieve success if teachers encourage 
students to approach learning at a deep level, use 
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effective group processes and problem-solving 
processes, develop leadership skills and develop 
collaborative skills. Teachers can do this by using 
a judicious mix of modelling, scaffolding, coach-
ing and fading. To do this effectively, they also 
need to monitor how the team is performing and to 
intervene appropriately when there are problems.
If our teaching involves placing students in 
complex teamwork situations, then it is important 
to understand the significance of team member-
ship, group processes, team leadership and learn-
ing approaches that shape learning within small 
groups in PBL. If we are to encourage and sustain 
PBL courses in engineering, then we have an 
educational duty to provide our students with the 
basic tools required for supporting their learning. 
That is, it is important to create valuable learning 
experiences by closely monitoring and coaching 
students in learning collaboratively as a team.
FUTURE RESEARCH DIRECTIONS
This chapter emphasises the need for approaches to 
PBL that enhance student learning and experiences 
in engineering and the need for support structures 
that assist both students and academics transition 
to problem-based learning. An important idea 
that comes out of this chapter is what it takes to 
make PBL teams successful. The design of PBL 
curriculum in engineering, institutional support 
structures that assist the transition to PBL and 
student experiences of learning in PBL provide 
insight into a complex mix of interacting factors 
that have an effect on what students learn and how 
they respond to the systems that we create for 
them. While this chapter did not set out to paint a 
negative picture of PBL, it emphasises that there 
are always opportunities for enhancing the qual-
ity of learning that happens in PBL classrooms. 
Other factors that influence the functioning of PBL 
teams include assessment design, the quality of 
problems, learning spaces and its availability, and 
student engagement in engineering tasks and its 
effects on their individual as well as their team’s 
learning seems important but under researched. 
Further research in this area is warranted.
CONCLUSION
Research into student learning in many engineering 
PBL settings often deal with cognitive processes 
elicited by interaction during facilitated tutorials and 
its effects on student learning; student engagement 
or participation in activities; the teaching skills of 
tutors; and the design of activities and assessment 
items to stimulate student learning. However, the 
influence of variables including the design and 
implementation of curriculum, teacher practices, as-
sessment design, support for students and academics 
to transition to PBL and the learning cultures adopted 
by PBL teams and its effect on student learning and 
outcomes in PBL teams are often overlooked and 
undermined when evaluating the effectiveness of 
engineering PBL courses and programs.
This chapter highlights the importance of identi-
fying a range of interacting factors that are intertwined 
in making PBL teams function effectively. It high-
lights the fact that a large amount of responsibility still 
rests with academics to help students to learn how to 
be part of a team, how to respect diversity within the 
team, how to be inclusive of fellow team members, 
how to take various team roles and responsibilities 
and how to collaborate. If practiced wisely, we can 
maximise the opportunity for most students to learn 
through PBL. PBL can make a difference in how 
and what students learn at university and how they 
transfer this learning into real life work situations. 
This way not only students but also academics will 
feel a sense of accomplishment.
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KEY TERMS AND DEFINITIONS
Collaborative Learning: teams in PBL en-
hances students’ ability to work closely as a team 
and collaborate with team members rather than 
compete with each other. As collaboration neces-
sitates students to contribute to others’ knowledge 
and learning they tend to value teamwork and 
individual contribution.
Curriculum: represents the body of knowl-
edge that is offered through a course or subject 
within a program. Curriculum is constructed by 
using discipline specific language and usually the 
intended learning is communicated to students 
through course or subject outlines, during class 
and through the assessment items.
Facilitation: is a subtle skill that requires 
teachers to identify how students learn and to 
use a range of methods to help them benefit from 
learning in a PBL setting. Facilitation includes 
meta-cognitive questioning that focuses student 
attention and eliciting causal explanations that 
present learners the opportunity to engage in 
knowledge construction.
Learning Culture: means the holistic col-
lection of practices emerging out of the attitudes, 
behaviour, actions and approaches to learning of 
students in a PBL team, which influenced their 
learning in that PBL team.
Meta-Cognitive Questioning: are open ended 
questions that promote higher order think. It nur-
tures a deep approach to learning and enhances 
student ability to think critically.
Problem-Based Learning: approaches in 
engineering education engages students learn-
ing to become self-directed, independent and 
interdependent learners motivated to work a 
problem in small teams. In a typical engineer-
ing PBL course students meet together in a 
small teams with a facilitator to encounter 
and discuss a set problem. Students are also 
required to work together as a team outside of 
supervised tutorials.
Students explore the problem using their prior 
knowledge and experience. They then analyse 
the problem and formulate hypotheses that might 
explain the problem. Using this information they 
identify gaps in their own knowledge and identify 
their learning needs. They then independently 
research and gather information that confirms/
disconfirms their hypotheses and generates new 
understandings.
Students then present their new understand-
ings are presented to the group, which then 
considers all the information brought in by its 
members. Thus requiring every member in the 
group to contribute to each other’s learning. 
The facilitator adds additional information or 
probes into student learning with an intention 
to provide feedback for improvement. Finally, 
students and the facilitator assess the solutions 
obtained to the problem and the effectiveness 
of the processes that they put in place to arrive 
at the solutions.
